Background Patients with cancer in the United States are estimated to have a suicide incidence that is approximately twice that of the general population. Patients with bone and soft tissue cancer often have physical impairments and activity limitations develop that reduce their quality of life, which may put them at high risk for depression, anxiety, and suicidal ideation. To our knowledge, there have been no large studies determining incidence of suicide among patients with bone and soft tissue cancer; this information might allow screening of certain high-risk groups.
Introduction
Suicide is the 10th leading cause of death in the United States (US), and the incidence of suicide among patients with cancer is even higher [12, 21] . Some studies have estimated the suicide incidence for all patients with cancer to be approximately twice that of the general US population [3, 17] . Despite advancements in cancer therapy that have increased survival times, cancer is a multidimensional disease and there are various other factors that physicians must address when caring for these patients. Many of these factors may increase a patient's likelihood of suicide including the psychosocial and psychosomatic effects of their illness, pain, side effects of treatment, and preexisting psychologic conditions [4, 7, 24] . Misono et al. [17] examined the Surveillance, Epidemiology, and End Results (SEER) database to determine the suicide incidence in persons with all types of cancer from 1973 to 2002. They found that higher suicide incidences were observed in men and patients of white race, and that suicide incidence was highest during the first 5 years after diagnosis.
To our knowledge, there has been no large, comprehensive study of suicide among patients with bone and soft tissue cancer. Other studies that have examined the incidence of suicide in patients with cancer have not isolated bone and soft tissue cancer among the cancer subtypes they examined [3, 17, 21] . Bone and soft tissue cancer poses different challenges to the patient that are not seen in many other malignancies such as changes in gait, function, stability, strength, and appearance [9, 10, 22] . These changes can make it difficult for patients to resume their precancer lives, which can produce psychologic sequelae for years after remission is achieved [9, 10, 22, 23, 27] . Additionally, high levels of depression and demoralization have been shown in patients with bone and soft tissue cancer [20, 23, 27] . These psychologic changes are widely known to increase suicide risk [4, 7, 24] . We were concerned that the number of adverse effects related to diagnosis and treatment of bone and soft tissue cancer may be associated with greater incidence of suicide in this population compared with the general US population and the population with cancer as a whole. These are important gaps in knowledge, as this information might allow future screening of certain high-risk groups.
We therefore wished to determine (1) the incidence of suicide in patients with bone and soft tissue cancer, (2) whether the incidence of suicide is greater in patients with bone and soft tissue cancer than it is in the general US population, and (3) any demographic and tumor characteristics associated with increased suicide incidence.
Patients and Methods
We used the SEER database, which is a national cancer database created by the National Cancer Institute [18] . The most recent version consists of data from 18 regionally diverse population-based cancer registries from throughout the United States from 1973 to 2013. There are 10 state registries, five metropolitan area registries, and three Native American registries. These registries cover approximately 28% of the US population and the followup rate among patients entered in the database through 2013 is approximately 90% [18] . Each registry has a contractual obligation to meet specific data-quality goals and the SEER Program has an extensive set of field edits to prevent and correct data errors [18] .
All patients with a primary bone or soft tissue tumor were abstracted at the beginning of this study. Patients were classified into eight subgroups according to their primary cancer sites using the ''primary site-labeled'' variable in the SEER Program, which included: upper limb (long bones: upper limb, scapula, and associated joints; short bones of upper limb and associated joints); lower limb (long bones of lower limb and associated joints; short bones of lower limb and associated joints); skull and face (bones of skull and face and associated joints); vertebral column; rib, sternum, and clavicle (and associated joints); pelvic bones (pelvic bones, sacrum, coccyx, and associated joints); spinal cord; and other (bone, not otherwise specified).
Patient data for age, gender, race, marital status at diagnosis, primary cancer site, year of diagnosis, cause of death, cancer stage, treatment course (radiation only, surgery only, both, or neither), survival time, and status of followup were obtained from the SEER registries. Patients with a cause of death of ''suicide and self-inflicted injury'' were considered to have committed suicide. Cancer staging was performed using the 6th and 7th editions of the American Joint Commission on Cancer's Cancer Staging Manual [2] . Stage was classified as localized (N0M0), regional (N+), distant (M1), or unknown (blank). Patients encoded in the SEER database with a survival time of 0 were recoded to have a survival time of 1 . This study did not involve the use of human participants or access to personal identifying information, therefore approval by an institutional review board was not required.
Statistical analysis was performed using SAS 1 statistical software, Version 9.3 (SAS Institute, Inc, Cary, NC, USA), and Microsoft 1 Excel 1 (Microsoft Corp, Redmond, WA, USA). Patient survival times and suicide incidences were compared with the US general population mortality data from 1970 to 2013, which was available from the National Center for Health Statistics of the US Census Bureau through the SEER Program [28] . Incidence comparisons were made based on different demographic and tumor characteristics including age, gender, and primary cancer site. Suicide incidences per 100,000 person-years were calculated by dividing the number of suicides in each categorical subset by the total survival time, in personyears, accumulated by patients in that subset. Standardized mortality ratios (SMR) were calculated with 95% CIs by determining the ratio of suicides in the population with bone and soft tissue cancer to suicides in the general US population. The overall suicide incidence in the population with cancer was compared with an age-, gender-, and raceadjusted incidence in the US general population. Additionally, incidences among subgroups of the population with cancer were compared with incidences in matched subpopulations of the US general population for age, gender, and race. All other characteristics including cancer site, year of diagnosis, cancer stage, treatment modality, and time since diagnosis were compared with the incidence of suicide in the age-, gender-, and race-adjusted US general population. SMRs with a p value less than 0.05 were considered statistically significant.
Results

Incidence of Suicide Among Patients With Cancer
Fifty-two suicides were identified among 23,620 patients with bone and soft tissue cancer observed for 164,455 person-years, producing a suicide incidence of 32 per 100,000 person-years.
Comparison of Patients With Cancer and the US Population
The incidence of suicide among patients with bone and soft tissue cancer was greater than that of the US general population. The age-, gender-, and race-adjusted suicide incidence in the US general population during the same period was 13 per 100,000 person-years. The SMR among patients with bone and soft tissue cancer was 2.43 (95% CI, 1.74-3.29; p \ 0.001) compared with the matched US general population.
Characteristics Associated With Increased Suicide Incidence
Demographic Characteristics
Men (SMR, 2.49; 95% CI, 1.92-3.22; p \ 0.001) and patients of white race (SMR, 2.68; 95% CI, 1.94-3.56; p \ 0.001) had higher suicide incidences than their matched counterparts in the US general population (Table 1) . Patients in all age groups except the 40-to 50-year-old age group had higher suicide incidences than people in the same age groups in the US general population (Fig. 1) . Patients 21 to 30 years old (SMR, 4.40; 95% CI, 3.44-5.54; p\0.001) had the highest incidence of suicide followed by patients 61 to 70 years old (SMR, 3.27; 95% CI, 2.54-4.18; p \ 0.001). Additionally, patients who received neither radiation nor surgery (SMR, 3.38; 95% CI, 2.59-4.45; p \ 0.001) had the highest suicide incidence of all other patients with known treatment regimens when compared with the age-, gender-, and race-adjusted suicide incidence of the US general population. Marital status provided no conclusive evidence that any one characteristic in this category was more highly associated with increased suicide incidence. Additionally, we could not draw any inferences regarding the association of disease status at diagnosis with suicide, as almost 70% of the data on disease status at diagnosis were missing.
Primary Cancer Site
Patients with bone and soft tissue tumors at all analyzed sites except for rib, sternum, and clavicle had higher suicide incidences than the US general population ( Table 2) . The highest incidences were recorded among patients with cancer of the vertebral column (38 per 100,000 personyears; SMR, 2.89; 95% CI, 2.13-3.83; p \ 0.001), pelvic bones (36 per 100,000 person-years; SMR, 2.75; 95% CI, 2.00-3.65; p \ 0.001), and spinal cord (34 per 100,000 person-years; SMR, 2.62; 95% CI, 1.87-3.47; p \ 0.001).
Time Since Diagnosis
Suicide incidence was only significantly higher than the age-, gender-, and race-adjusted incidence in the US general population within the first 5 years of cancer diagnosis (SMR, 10.75; 95% CI, 9.19-12.61; p \ 0.001) ( Table 3) .
Discussion
The incidence of suicide in the population with cancer is known to be approximately twice that of the general US population [3, 17] . Given the high levels of depression and demoralization in patients with bone and soft tissue cancer [20, 23, 24, 27] and the changes in gait, function, and strength after treatment of these malignancies [9, 10, 22] , suicide incidence among these patients may be higher than that of the entire cancer population. However, most of the previous studies on suicide incidence in patients with cancer excluded patients with bone and soft tissue cancer or did not highlight them as a subgroup [3, 14, 17] . Therefore, we examined the suicide incidence in the population with bone and soft tissue cancer, compared that incidence with the suicide incidence in the general US population, and determined what factors were associated with higher suicide incidence. Higher suicide incidences were seen in men, patients of white race, patients who had cancer of the pelvis or vertebral column, and patients within the first 5 years of diagnosis.
The limitations to this study are inherent to large retrospective databases such as the SEER registries. First, suicide as a cause of death may be over-or underreported in the SEER database owing to errors in coding. However, given the extensive set of field edits that the SEER database \ 0.001 SEER = Surveillance, Epidemiology, and End Results; SMR = standardized mortality ratio; *adjusted to the age-, gender-, and race-distribution in the population served by the SEER program; for gender and race, SMR reference population is the specific subcategory in the US population; for marital status, stage at presentation, year of diagnosis, and radiation and/or surgery treatment status, SMR reference population is the age-, gender-, and race-adjusted US population from 1970-2013.
goes through on a regular basis to prevent and correct data errors, these errors are likely to be rare [18] . Second, comorbidities such as substance abuse and preexisting depression or psychiatric illness are not available in the SEER registries. Given that the diagnosis of depression is relatively common in the population with these forms of cancer [20, 23, 27] , this presents an important area for future research on this topic as depression is highly correlated to suicidal incidence [4, 7, 24] . Staging for bone cancer was unavailable for most patients in the way that it was coded in the SEER program, therefore we were unable to discern whether disease extent was associated with suicide incidence. Additionally, there is no way to determine whether the patient had no evidence of disease, local recurrence, or metastasis at followup. Therefore, it cannot be determined whether these recurrences, which likely indicate worse prognosis, were associated with higher suicide incidences. Other studies have shown that more advanced disease was associated with greater suicide incidence [17, 21] and therefore with more available data, our study might have shown similar trends. Moreover, the use of chemotherapy is not reported by the SEER database and thus the association of this treatment cannot be assessed in this dataset. Chemotherapy is used in the treatment of some bone and soft tissue tumors and therefore, knowledge of the use of this SMR = standardized mortality ratio; *reference population is the age-, gender-, and race-adjusted general US population from 1970 to 2013. Fig. 1 The graph shows the standardized mortality ratios with 95% CIs for patients with bone and soft tissue cancer by age at diagnosis. Reference population is the general US population in corresponding age groups. *Age group deemed to have a suicide incidence that was statistically different from the reference population with a p value less than 0.05. treatment modality may have offered insight into whether the patients in this study who were coded to have not received radiation or surgery in fact received no treatment or they received only chemotherapy. Patients who truly receive no treatment often have the worst prognosis and therefore, the incidence of suicide in this population may have been even higher owing to the previously stated prevalence of higher incidence of suicide in patients with poor prognoses. Finally, the number of events analyzed was insufficient to separate bone from soft tissue sarcomas in terms of their association with suicide, and this might have been interesting to do because patients with sarcomas of bone often undergo more extensive surgical resections than do patients with soft tissue sarcomas. Along a similar line, it is possible that confounding variables may have influenced our results (for instance, there may have been more women in the older patient demographics, and it was not possible to tease out whether the observed association was driven more by age or gender). Multivariate analysis was not performed to assess for these confounders and therefore future studies might consider these associations. The suicide incidence in the population with bone and soft tissue cancer was more than twice that of the general US population. A study of the suicide incidence among all patients with cancer showed that the incidence was approximately 1.9 times that of the general US population [17] . Compared with subpopulations examined in other studies, the suicide incidence of patients with bone and soft tissue cancer ranked below the incidence of suicide in patients with cancer of the lung and bronchus, stomach, oral cavity and pharynx, larynx, and ovary [17] . If bone and soft tissue cancer were examined in that previous study, it would rank fifth in terms of suicide incidence. The patients with cancers that rank above it have very poor prognoses, high rates of depression, and their own set of life-altering consequences of treatment [13, 17] .
Men had a higher incidence of suicide than did women in our study. This is in concordance with the trends in the general population and those of the population with cancer [13] . Kendal [14] analyzed the SEER registries from 1973 to 2001 and found a hazard ratio for suicides in men relative to suicides in women of 6.2. Nock et al. [19] examined nonfatal selfinjury rates from 1997 to 2007 and determined that rates were higher in women, but the suicide incidence among men was higher. This trend often is attributed to the more lethal and violent suicidal methods used by men compared with women [11] . It therefore is possible that women with bone and soft tissue cancer who attempt suicide are underrepresented because the SEER database does not record unsuccessful suicide attempts. Additionally, the incidence of suicide was highest in patients of white race and lowest in patients of black race. This is reflective of trends in the US population as a whole. The incidence of suicide in people of white race, black race, and other is 13 per 100,000 person-years, six per 100,000 person-years, and eight per 100,000 person-years, respectively [28] . Suicide incidences were highest in patients 21 to 30 years old and 61 to 70 years old. Some studies have reported an increased incidence of suicide in elderly patients with cancer [3, 6] . Cole et al. [6] analyzed 334 suicides of patients with cancer who were older than 65 years in North Carolina. Patients who successfully committed suicide were more likely to be white men older than 71 years.
Patients with cancer of the vertebral column and the pelvis also had a higher incidence of suicide. Compared with tumors of other sites, pelvic and vertebral sarcomas have a worse prognosis likely attributable to delayed diagnosis, more complicated resections, and higher recurrence rates although we could not analyze complications and recurrences because these data are not available in the SEER database. The symptoms associated with these tumors also can have an important effect on the lives of the patients. Spinal tumors are associated with pain, limb weakness and numbness, and loss of bowel control [5] . Yin et al. [29] reported 98 cases of spinal chondrosarcoma with a recurrence rate of 43% and mortality rate of 33% during a mean followup of 49.7 months. Farfalli et al. [8] analyzed the outcomes of 52 patients with primary pelvic sarcomas and reported a 5-year survival of 37.5% and a local recurrence rate of 30%. This poor outlook combined with the symptomology of the disease and the extensive resections involved in treating these sarcomas can take a toll on patients' quality of life and psychologic health. The incidence of suicide was highest during the first 5 years after diagnosis. Ahn et al. [1] reported that 40% of suicides in their cohort of 164,497 Korean patients with cancer occurred during the first year after diagnosis. These high initial incidences are likely the result of difficulty dealing with the cancer diagnosis.
Depression, distress, and anxiety are frequently observed in the population with sarcoma [20, 23, 27] . Patients with the characteristics identified in our study as having increased incidence of suicide should be screened for depression, distress, and suicidal ideation as there is a high correlation between these neuropsychologic diagnoses and completed suicide [4, 7, 24] . Despite that suicide may be an uncomfortable topic of discussion for physicians practicing outside the mental health field, Trevino et al. [25] reported fewer suicidal ideations in patients with advanced cancer who had strong therapeutic alliances with their oncologists. Leung et al. [16] had success using the Distress Assessment and Response Tool (DART) to identify suicidal ideation and suicidal intention in patients with cancer. The use of tools such as the DART can help healthcare professionals identify patients at high risk for suicide early during the treatment process. On discovery of a patient's suicidal ideations or actions, physicians often provide referrals to mental health professionals. However, patients often fail to attend these referral appointments rendering this technique inadequate at preventing suicide [26] . Therefore, it may be the physicians treating these patients for cancer who can have the largest effect on preventing suicide.
Patients with bone and soft tissue cancer have a higher incidence of suicide than the general US population. Specifically, patients with cancer of the vertebral column and pelvis have the highest incidence. Additionally, patients who are men or of white race also showed an increased incidence of suicide after receiving a diagnosis of bone or soft tissue cancer. Physicians should consider screening patients with these characteristics throughout the cancer treatment process and beyond for suicidal thoughts or actions to prevent suicides and identify those most in need of mental health treatment. Future research is needed to further assess the psychologic ramifications of cancer diagnosis, treatment, and persisting morbidity and how best to treat these effects clinically. Additionally, research is needed to fill the gaps that this study lacks owing to limitations of the SEER database including the association of cancer stage, complication rates, and recurrence rates on the incidence of suicide in the population with bone and soft tissue cancer.
